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^■n"nlir»flr>f'c n-r arrant-* t> -CI-. 
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PROTECTIVE HOUSING FOR A CERAMIC ACTUATOR 



Box No. H APPLICANT 



I 1 This person is also inventor 



£oxistheapplicant s State (thatis. country) ofresi^nce^jujStateofr^denceisfndic^^J 
.1... LIMITED 

. St John's Innovation Centre 
Cowley Road 
Cambridge 
CB4 OWS 

UIUITED-KINGDOA/I- 



State (that is, coimtry) of nationality: 
GB 



This person is c^licant 
for the purposes of: 



□ 



all designated 



Telephone No. 



Facsimile No, 



Teleprinter No. 



Twiththe^Mce- - 



State (that is, country) of residence: 
GB 



BoxNo. m FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 



TOPLISS, Richard 
43 Bishops Road 
Trumplngton 
Cambridge 
CB2 2NQ 

UNITED KINGDOM 



ion. 
Otis 



State (that is, country) of natxonality: 
GB 



This person is: 

r I applicant only 

ly I c^licant and inventor 

□ inventor only (If this check-box is 
THorked, do not fill in below.) 



Applicant's registrationNo. with the Office 



This person is apphcant 
for the purposes of: 



! State (iffiat is, cotmtry) of residence: 
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□ 



all designated 
States 
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of the q)phcant(s) before the conqietent LitematiSal Anfliarides as?^ 
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MERRYWEATHER. Colin Henry 
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London 
WC1R5JJ 
United Kingdom 



□ common 
representative 



Telephone No. 
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Facsimile No. 
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Teleprinter No. 
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Continuation of Box No. JXC FURTHER APPLICANTCS) AND/OIEL CFURTHER) JNVENTORCS) 
If none of the following sub-boxes is used, this sheet should not be included in the regu^t. 


Bal^^i^^^^^^Atif^^^ ^^ecounto^oftheiddr^sindicatSiin this 
BoxistheappUcaasSuae(ihatis, eotaaryJofresidenceifnoStateofresidenceisM^ 

ALLAN, James 
"Netherton" 
7 South Street 

Risby • ' ' 
Bury St. Edmonds 
Suffolk IP28 6QU 
UNITED KINGDOM 


This person is: 

[ 1 applicant only 

|y 1 applicant and inventor 

. 1 1 inventor only (IjrrAis cAecfc-Jar 
1 — 1 is marked, do notflU in below') 


AppIicant'sregistrationNo.withtiie Office 


itate {that is, country) of nationality* 
GB 


State (Uuit is, country) of residence: 
GB 




^^5^^? address, {^amifynmiefottowedbygtvenncme: foralegalentit^^^ 

^nlfft ^l^epjtal codeandnam^ of country. The country oftheaddr^ indicatSin Otis 

Boxtsiheapplu:cmt'sState(thatis,cou,ary)ofresidenceirr^ 

SHEPHERD, Mark Richard 
Clare House 
124 High Street 
Meldreth 

---Royston-- . . 


This person is: 

1 1 applicant only • * 

|X| applicant and inventor 

1 1 inventor only (gr/ft£scAecjb-Z>ox 
1 — 1 is marked, do ru>tJUlinbelowl) 


Hertfordshire SG8 6LB 
UNITED KINiGDOM 


Applicant's registrationNo. with the Office 


6tate {r/uuts, country) ot nationality: 
GB 


State (that is, country) of residence: 
GB 


feffiSSoL??^"^* rns^^^"^^ n5?1^g^^^*^i^^^^* rvltheUiiitedSlates rn the States in^cated in 
ror tdfi ymposes of. | 1 States | 1 the United States of America \XA of America only | [ +V -^^ii^fmSSil bS 


^^^L ^^"fy^^Mowedhyst^en name; foralegpl entity, fidl o£icicd designation, 
ihe aaoress nmst indwieposUd code and name of country. Uie country of the address indicated in this 
Boxisthe^Ucant's State (Ouitis, country) ofreiidenceif^no State of ^em 


This person is: 

1 1 applicant only 

1 1 ^Kcant and inventor 

1 1 inventor only gir«tocftedW>o« 
1 — 1 is marked, donotfiUm below.) 


AppKcanf s registrationNo. wifhthe Office 


omie (mat IS, country) of nationality: 


State (that is, country) of residence: 




jr»e fl£«*TeSy imar mdudeposUd code and name of country. The country ofiHe address indicated in this 
Baxis Aeapplicant's State(thatis, country) of rei^nce^no State of rZid 


This person is: 

1 1 applicant only 

1 1 2?jpKcant and inventor 

• 1 1 inventor only (JjrtftiffcftecJfe-fcojc 
1 — 1 is marked, do notfin in below.) 


AppEwmf s registrationNo. withthe Office 


btate (that is, country) of nationality: 


State (thctt is, country) of residence: . 
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/. If in ajjy of the Boxes, except Boxes Nos. mtm to M forwhich Continuation Of BoX IV * * 

fJ^^w?.^^?"^''^^?^^''^^^ ^^^aceii&iiiffiden^ 

ofBoxNo....'' findicatethenumberoftJwBoxJand^^h^Sie ^^^IS-JONES, Patrick George Armlne; BARLOW. 
'rS^^f^^r^H^'^'"^^ the James; SENIOR. Alan Murray; BENTHAM. 

P^^lJ{^ ^^"^^ 'P^'' - Stephen; AYERS. Martyn Lewis Stanley; WOobs, 

,^ , Geoffrey Corlett; CRESSWELL, Thomas Antfiony; 

^'^ i»X'£^^^«^^ SEXTON, Jane Helen; NICHOLLS, Michael John; 

^^c^^ '^^^ MARSHALL. Monica Anne; WEBB. Andrew John 

^faddidoru^lpe^onthes^^^^^^ KEEN. Celia Mary; PRICE. Nigel John King; IRVINE. 

m£oxNo,m. The country ofthe address indicated in thbBox Jonquil Claire; LEEMING, John Gerard; 
of^!^!&i^^^^ DMCKWORTH. Timothy John; MCCLUSKIE. Gall 

Wilson; WRIGHT, Simon Mark; SMITH. Samuel 
m ifmBoxNo, H or in any of the sub-boxes of Box No m the ^^onard; BENSON, John Everett; CAMPBELL, 
''^^'^^^y^^^t^^sindicatedin the Suppiemeniai Bo!^' is Patrick John; MERRYWEATHER, Colin Henry- 
^'c^u^t^^^ DUCKETT, Anthony Joseph; BENTHAM. Andrew; 

and No. iff" (l^^frrZl^^ ROQUES. Sarah Elizabeth; SRINIVASAN. Ravi 

» fplioant(s)in)H>hedmd,nextto Chandran; TYSON, Robin Edward; ALI, Suleman; 

S^'i^er^U^^ ^"^^P^ ROBERTS. Mark Peten CHADWICK, Mark Craig 

^f^^"^ ^ r-^P^son is TUXWORTH, Pamela Maiy; JACKSON. Martin 
. . „ Peter; SIMONS, Amanda Louise; HOPKIN, Tobias 

L'lif^ ''^ ^ f ^^f ofBoxNo. i^ Hie John Buxton; BUFTON. Karen Agnes Jane; POWER 

'P^^^d^^^^^^^^^^ f^ORD. Hazel of : J.A;KEMP & CO.. U ' 

^JsJes^^ fof^fji^^re, GWs Inn. London, WCtRS-JJ. - - " 

^f^J^oMyr-OmtmuaiwnofBaxNo.m-or-Con^ United Kingdom. 
of Boxes No. U and No. HI" (as the case may be), indicate the 
nanieofthemventor(s) and, nextto (each) suchhame, the Statefs) 
f^oK wh^e applicable. ABJPO, Eurasian, European or 
fi^tor^^^"^ ^^'^^ ""^^^ ^ '^P^n is 

fiy) ^'nadditi<m to the agentfs) indicated in Box No. ly, there are 
^^li?' ^ff^'^i. '^''^^ "Continuation of 

BoxNo.IV cmdmdu:ateforeachJurther agent the same type 
6f information as required in Box No. IV; ■ 

M f.mBoxNo. VI. there aremorethanthreeearHermpUcations 
^!!^fS^r^^^!'^^'^:^ "'•^^^ "Continuation of 

BaxNo. VI andmduxstejbreachadditionalearliermpHcamin 
tne same fypeofiTTformation as required in Box No. yi 

' Tu^USS!^^ to wflfe an indication of the wish that 

th£mtemationalm^hcation be treated, in certain designated 
' Tf?^' ^ ^ application for a patent of addition, cert^ate of 
addmor^ inventor's, certificate of addition or utility certmcate 
of addition: in such a case, write the name or two-letter code 
ofeachdesignatedStateconcernedandtheindiccmo^ "patent 
fj^^'^^ "^fif"^^/^^^^/' - inventor's certific^^ 
ofaddaton or 'utdffy certificate ofaddidonr the mwier of 
tfiep^^iqiphcation or parentpatent or other parent grant 
and the date of grant of the parent patent or other patent grant 

V^49bU.f(a^^ C^^^'^m) 

^fi^ecq^plicantmtends to rnake an indication ofthe wish that 
the international application be treated, in the United States of 
^^a, asacontinuationorcontinuoHon-in-partofanearUi- 
^^£r^»^^' ^ case, write "United States of America" 

or ^^^and the indication "continuation" or "condnuaaon. 

■^Jf*^ «ww6er and the filing date of the parent 

mf^icationCRules4JI(a)CTv)and49bis.l(^^^ ^ 
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Box No. V DESIGNATIONS 



However, 

D DE Gennany is not designated for any kind of national protection 

□ KR RepubHc of Korea is not designated for any kbd of national protection • 

□ RU Rnssian Federation is not designated for any kind of national protection 
(Therchech-boxes abi 



^States') 



Box No. VI PMOBITY CLAm 



The priority of the following earUer appUcation(s) is hereby claimed: 



Filing date 
of earlier application 

(dayfynonth/year) 



item(l) 
26 February 2003 
(26.02.03) 



item (2) 



(01.07.03) 



Number 
of earlier application 



0304467.4 



^^fS September 2003 
(13.09.03) • ' 



0315273,3 



0321499.6 



Where earlier application is: 



national application: 
country or Member 
ofWTO 



GB 



GB 



regional application:* 
regional Of&ce 



international application: 
receiving Office 



□ Porther priority claims are indicated in the Supplemental Box. 



above as: " y^nichjor the purposes ofthu mtmumonal education is ^ receiving Office) identij5ed 

H aUit«ms Ditemd) DitemCa) DitemO) □ otiier, see Supplemental Box 

yurone memoer oj me fVorld Trade Orgamzattonfori/i^hsch that earlier explication was filed (Rule 4J0(b)fii)): . . . . 



BoxJSo. Vg INXEaRNATIGNAL SEARCHING AUTHORTTy 



SA/.EP, 



horities are con^eteht to carry out ihe 



reference to that sesxch (r«»«^a^.««*Aa, Wc«^«^>«.«^;f^^, 

Bate (dayhnoathfyear) 



Numb^ 



Country (or regional Office) 



BoxNo.Vm DECLAIIATIONS 



^^^Lf^'^^^^'T are contained in Boxes Nos. VIE ® to (v) (mark the applicable 
checkboxes behw and indicate in the right column the number ofeadi type cfdedhMn) : 

□ BoxNo. Vm® 

□ BoxNo, Vin(ii) 

□ BoxNo.Vin(iii) 
Q BoxNo. Vin(iv) 

□ BoxNo. Vin (v) 



Number of 
declarations 



Declaration as to &fi identity of the inventor 

Declaration as to the applicant's entitlement, as at tiie international ijling 
date, to ^ply for and be granted apatent 



Declaration as to the applicant's entitlement, as at the international filing 
date, to claim the priority of the earlier application ; 

Declaration of inventorship (only for the purposes of the designation of the 
United States of America) 

Declaration as to non-prepidicial disclosoies or exceptions to lack of novelty 
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Box No. DC check: LIST; LANGUAGE OF FILING 



This international application contains: 
(a) in paper form, the following number of 



14 
4 
1 

10 



request (including 
declaration sheet^ 

description (excluding 
sequence Hsting and/or 
tables related thereto) 
claims 
abstract 
drawings 

Snb-total number of sheets 

, sequence listing 
tables related fliereto 
ffbr both, actual number of 
sheets if filed in paper form, 
whether or not also filed in 
computer readable form; 
see (c) below) 

Total number of sheets : 

(b) □ only in computer readable form 
(Section 801(a)(i)) 

(i) □ sequence listing 

(li) □ tables related thereto 

Tern "aiso In Voi5pufeyre~aarablclorm ' ' 
(Section 80f(a)(ii)) 

(i) □ sequence listing 

(ii) □ tables related thereto 

Tjpe and number of carriers (diskette. 
CD-ROM, CD-Ror o&er) on which are 
contained tiae 

D sequence listing: 

□ tables related thereto: * 

(additional copies to be indicated under 
Hems 90i) and/or IO(HX in right cohmm) 



34 



34 



This mtemational application is accompanied by the following 
item(s) (mark the explicable check-boxes below and indicate in 
right column the number of each item) : 

1. 12 fee calculation sheet 

2. Q original separate power of attorney 

3. □ originalgeneralpower of attorney 

4. H copy of general power of attorney; reference nmnber. 

if any: * 

5. Q statement e;q>laimng lack of signature 

6. □ priority document(s) identified in Box No. VI as 



Number 
of items 



itein(s}: . 



7- □ ^mslation of international application into 
(i) 



separate indications concerning deposited microorganism 
or other biological material 

sequence listing in computer readable foim 
(indicate type and number of carriers) 

□ copy submitted for (he purposes of international search under 
Rule 1 3ter only (and not as part of the international application) : 



(u) □ (onfywhere check-box (bjfi) or (cj(i) is marked in left cohm^ 

additional copies including, where applicable, the copy for the 
purposes of international search under Rule 13 ter , : 

(iii) □ together with relevant statement as to the identity ofthe copy or 
copies with the sequence listing mentioned in left column : 

-l Ov -teblw^n computer readable fQimrelated4:o^equence-listinff 

(mdicate type and number of carriers) 

□ cop^submittedforihepuiposes of intemationalsearch under 
Section m2(p-quater) only (andnot aspart of the international 
apphcation) - 

□ (onfywhere check-box'fijfti) or (c)(ii) is marked in left column) 
additional copies including, where applicable, &e copy for the 
purposes ofmtemational search under Section 802(b-^?er) : 

□ together with relevant statement as to the identity of .the copy or 
copies with the tables mentioned in left column : 

other (specif;): .ffa3. 9AcJ 



(i) 



(ii) 



(iii) 



11 



3,3 



Figure Of the drawings which 

should accompany the abstract '^'S- 



Language of jOUing ofthe 
I international application: 



English 



signature of APPLICANT, AGENT OR COMMON REPWESENTATIVE 
^^^^^^Sr^e^rndtcatethenameofthepersonsi^^ 




1. pate ofactual receipt ofthe puroorted 
mtemational application: 



I For receiving Office use only 



2 5 FEBRUARY 2004 



3 . Corrected date of actual receipt due to later but 
mnely received papers or cfccawings commletmE 
the purported inte^onal appK^tion: ^ 



4. Date of timely receipt of the required 
corrections under PCT Article 1 1(2): 



5. Intemational Searching Authority 

(if two or more are con^etent): ISA / 



□ Tmismittal of search copy delayed 
untU search fee is paid 



For IhtCTational Bureau use on^ , 



2. Drawings: 
•received: 



I I not received: 



Date of receipt ofthe record copy 
oy the Ihtemailonal Bureau: 
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Protective Housing For A Ceramic Actuator 

This invention relates to actuators in particular ceramic actuators which may 
be electro-active, for example piezoelectric. In one aspect, this invention relates to a 
housing for such actuators which may be applied to a camera in which the actuator 
moves a lens holder, hi another aspect, this invention relates to a suspension for a 
camera in which the actuator moves a lens holder. Both aspects may,be applied to 
micro-cameras in portable data processing or commmiicating devices. 

Piezoelectric and other electro-active benders made from ceramic base 
material such as lead zirconate titanate (PZT) are used in many applications. They are 
manufactured for example from multilayer (green) material and sintered at high 
-lemperatures into their.final shape. 

A variety of configurations for such actuators are known. Comparably large 
translation displacements have been recently achieved by using a structure of 
piezoelectric bender tape extending hehcally around an axis which is itself curved, as 
described, for example, in WO-0147041 or D. H. Pearce et al.. Sensors and Actuators 
A 100 (2002), 281 -286. Such devices are capable of exhibiting displacement in the 
order of millimetres on an active length of the order of centimetres. 

Whilst the manufacturing of ceramic actuators is known, their applicabiUty is 
limited due to the brittleness of the material they are made of. It would therefore be 
desirable to provide housing for ceramic actuators that reduces the sensitivity of 
ceramic actuators against sudden impacts as caused for example by a drop onto a 
hard surface. 

As a separate matter, in recent years, witii the ejqjlosive spread of portable 
information terminals called PDAs and portable telephones, an increasing niraiber of 
products incorporate a compact digital camera or digital video unit employing a CCD 
(charge-coupled device) or CMOS (complementary metal-oxide semiconductor) 
sensor as an image sensor. When such a digital camera or the like is miniaturized 
using an image sensor with a relatively small effective image-sensing surface area, its 
optical system also needs to be miniaturized accordingly. 

To achieve focussing or zooming, additional drive motors have to be included 



■ -2- 

m. the already conifiiied volume of such miniature cameras. Whilst most of the 
existing cameras rely on variations of the well-known electric-coil motor, a number 
of other actuators have been proposed as atnall drive units for the leas system. These 
novel drive units often include actuators of electro-active material, for example 
5 piezoelectric, piezoresistive, electrostrictive or magnetostrictive material, typically 
, ceramic actuators. 

Small electro-active actuators with comparably large translation 
displacements have been recently build using a structure of piezoelectric bender t^e 
extending helically around an axis, which is itself curved, as described, for example, 
10 in WO-01/47041 or D. H. Pearce et al.. Sensors and Actuators A 100 (2002), 281 
. -2.86,-SjlGb.d^cg8.jjSJ?.^aM6^f ejdiil^^ the order of milli metres 

on an active length of the order of centimetres. They may be manufactured from 
multilayer ceramic base material such as lead zirconate titanate (PZT) and sintered at 
high temperatures into their final shape. The use of such actuators as drive motors for 
1 5 lens systems has been proposed ia WO-02/1 0345 1 . 

As drive units adapt to the reduced volume of the compact camera designs, 
lens suspensions systems, which constrain the motion of the lens holder, have to co- 
evolve. Lens suspension systems suitable for miniaturized cameras, particularly for 
cameras driven by an electro-active transducer ideally have a low stifBaess, resistive 
20 force or Mction in direction of the desired motion and high stififiiess in all other 
directions. 

According to a first aspect of the invention, there is provided a housing for a 
ceramic actuator including a protective structure, preferably with compliant elements 
contacting the actuator, limiting the the range of motion of sections of the bender 
25 located distant firom both fixed and moving terminals of the bender. 

An actuator is typically operated with a fixed tenninal or end section and a 
moving terminal or end section. The fixed terminal is attached to the housing or 
mounted on a base stracture shared with the housing. The moving terminal of the 
actuator is the section of the actuator that displays the largest displacement relative to 
30 the fixed section of the actuator. It is seen as an important feature of the first aspect " 
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of tiie invention that the protective structure is adapted to limit the range of 
displacement of the actuator by contacting the actuator at one or more sections 
located between the two terminal sections of the actuator. Thus, the actuator is free to 
move, on actuation, within the range of displacement until it contacts the protective 
5 structure and references to contacting should be understood accordingly. Such a 
protective structure protects the actuator agamst a sudden impact, as caused for 
example by a drop onto a hard surface, by preventing excessive displacement of the 
actuator which would cause damage. 

The actuator may be a linear actuator having a moviag end section that 
10 describes a near linear motion. 

- Advjratageously, tiaeprotectiYe struetyie is placed outside the nosanal xm.m. 

of displacement. The nominal range of displacement of the actuator is the 
displacement exhibited by the actuator during normal operating conditions. The 
limits of the nominal range of displacement define a surface or an envelope outside 

1 5 which the protective structure is located. 

Advantageously, the protective structure follows the contour defined by the 
limits of the nominal range of displacement. For example, the protective stinchire 
may be arranged to have an approximately constant distance from the limits of the 
nominal range of displacement at different points along the actuator. 

20 In one type of embodiment the protective structure includes one, two or more 

discrete elements adapted to contact the actuator, for example resihent members such 
as mechanical spring type structures for removal of energy from the actuator on 
impact. Suitable structures include for example resilient beams disposed along the 
protective structure. 

25 In another type of embodiment the protective structure includes a continuous 

surface adapted to coritaci a section extending along the actuator. 

Desirably, the portions of protective structure adapted to contact the actuator 
are compliant, for example by being resilient or by being formed by compliant 
material, so as to be capable of absorbing the kinetic energy of the actuator. 

30 The protective housing of the invention may be readily manufactured for 



example by moulding of plastic materials. The protective structure may be 
advantageously moulded in one piece with the housing. The compliant layer, if 
provided, may be attached for example by gluemg to the protective structure. 
Alternatively, the compHant layer or layers may be incorporated in the housing 
during manufacture by two-shot moulding, in which the housing and compliant 
layers are produced in different materials within the same mould. Resilient structures 
such as resihent beams may be advantageously moulded in one piece with the 
housing, forming the ^propriate ramp contour. Alternatively, spring structures may 
be cut from thin metal sheet, for example by photo-chemical etching, bent to the 
^ropriate shape if necessary, and then fixed into the housing, preferably by means 
. .of joQojUded. locaJang.pq)s m the housfcug. 

The present invention is particularly advantageous used to house actuators 
capable of relatively large displacement, such as the actuators of the type mentioned 
above and disclosed in WO-0147041 or D. H. Pearce et al.. Sensors and Actuators A 
100 (2002), 281 -286, because such actuators are particularly susceptable to damage 
from a sudden impact. 

According to a second aspect of the invention, there is provided a camera 
including a support structure; a lens holder holding at least one lens; a suspension for 
mounting said lens holder on the support structure; and an actuator for moving said 
lens holder, wherein the suspension includes two Unk elements each pivotally 
connected to the support structure at one end and pivotally connected to the lens 
holder at tiie other end. 

Such a suspension has a low stiffiaess, resistive force or friction in the 
direction of the desired motion and high stifBaess in all other directions. It is flius 
suitable for miniaturized cameras, particularly for cameras driven by an electro- 
active actuator. 

The suspension system is preferably a type of a four-bar linkage, in which the 
suspension further includes a first attachment member to which the first end of each 
link element is pivotaUy connected and which is attached to the support structure, 
and a second attachment member to which the second end of each link element is 
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pivotally connected and which is attached to the lens holder. Snch a type of 
suspension system can be fonned from one continuous piece of material, preferably a 
plastics material, for example selected for example from a group including 
polypropylene, polyethylene andpolyamide (nylon). Advantageously, the thickness 
of the link element tapers towards the pivotally connected ends such that 1he link 
element is thicker in the middle than in the immediate vicinity of tiie pivots or 
hinges. 

Advantageously, the pivotally connected ends of the suspension extend along 
tiie circumference of the lens holder. 

Preferably, the pivotally connected ends of the suspension extend along a 
-Jfingfli which-exceeds a tenth, more.prefeiahly.a third or svsaa. h^ of the dia meter .. 
of the lens holder. This provides the advantage that, as compared to a suspension 
where this length is shorter, tiie suspension can sustain a higher torsional force 
widiout significant deformation. 

In a preferred embodiment the actuator extends around the lens holder leaving 
a single g^ with thie suspension located in said g^. In this embodiment, the 
suspension supports the lens holder at just one side or relative to a cylindrical lens 
holder within just one sector. The sector, measured by connecting the end points of 
the longest pivot that is located at the lens holder with the center of the lens holder, is 
preferably less than 90 degrees. As a result, the lens holder is suspended at a quarta: 
or less of its circumference - excluding the suspension effected by the actuator. 

In some variants of the invention it may advantageous to limit the anioimt of 
rotational motion around the pivoting ends to less that 20 degrees, because, as a 
result the lens holder's motion is limited to the equivalent maximum displacement 
which improves the protection of the actuator. 

These and other aspects of inventions wiU be apparent from the following 
detailed description of non-limitative examples making reference to the following 
drawings. 

In the drawings: 

Fig. 1 A is a schematic cross-section of a ceramic bender in a housing in 



accordance with an example of the present invention; 

Fig. IB is a schematic cross-section of a ceramic bender in a housing in 
accordance with another example of the present invention; 

Fig. 2A is a schematic cross-section of a super-coiled bender carrying a lens 
system ia a housing in accordance with an example of the present invention; and 

Fig. 2B is a schematic partial top view of a super-coiled bender carrying a 
lens system ia a housing in accordance with an example of the present invention; 

Fig,3 is a schematic cross-section of a super-coiled bender carrying a lens 
system in a housing in accordance with an example of the present invention; 

Fig.4 is a schematic perspective view of a jHTOtective stracture incorporating 
-compliant heam.pratnisions.in accordance with an .example oflhe. preaentinxention;. 

Fig. 5 is a schematic perspective view of a protective structure incorporating 
comphant fingers ia accordance with an example of the present invention; 

Fig. 6 is a schematic perspective view of a protective structure incorporating 
sh^ed compliant fingers in accordance with an example of the present invention; 

Fig. 7 is a schematic perspective view of A. protective structure incorporating 
comphant cupped fingers in accordance with an example of the present inventioiL 

Fig. 8A is a perspective view on a camera housing; 

Fig. 8B is a perspective view on the camera housrag of Fig. 8A with a top hd 
removed; and 

Fig. 9 A and 9B are perpendicidar schematic cross-section of the camera 
housing of Fig, 8. 

In Fig. 1 A, there is shown a schematic vertical oross-section through a 
housing 10. Within the housing 10 there is mounted a layered piezoelectric bender 1 1 
having a conventional structure comprising two layers of pi^electric material with 
elecbrodes (not shown) which in use receive an activation voltage which causes a 
differential change in length of the two layers concomitant with bending of the 
bender 11 . A first end 1 1 1 of the bender 1 1 is fixed to the housing. At the distal end 
112 of the bender 1 1, a load 12 is attached to the bender 11. A double arrow 13 
indicates the direction in which the distal end 1 12 of the bender 1 1 moves when the 



bender 1 1 is activated. The dashed lines 141, 142 indicate the upper and lower limits, 
respectively, of the nominal displacement of the bender 1 1, that is the displacement 
exhibited by the bender 1 1 during normal operating conditions. 

A novel feature of the housing are six protective elements 15 which together 
•form a protective structure for the bender 1 1 . The elements 15 extend from the 
housing 10 to points close to the dashed lines 141,142 that indicate the hmits of the 
nominal displacement. The elements 15 are posts or blades carrying a compliant 
foam layer 1 5 1 at locations facing the bender 1 1 that would first come into contact 
with the moving bender 11. 

As the bender 1 1 in the housing 10 is subject to an impact force, tiie inertia of 
thexonibinediiaass ,ctf bender J 1. and Ic^djnayfojK^^ 11 tQ move beyond 

the nominal limits of displacement, thus precipitating cracks in the ceramic material 
of the bender 11. The support elements 15, however, are designed and placed such 
that the bender 1 1 contacts at least one of the elements before a damage to the 
ceramic material occurs. Kinetic energy stored in the bender 1 1 is then absorbed by 
the foam elements 151. 

In Fig. IB, there is shown a similar configuration to the one of Fig. 1 A. In 
this variant, however, the protective structure 15 takes a different form and in 
particular is laterally extended to form a continuous surface contoured to follow 
approximately the nominal displacement envelope 141, 142. A foam layer 151 
protects the bender 1 1 from the impact of a sudden contact with the protective 
structure 15, as in the example of Fig. lA. 

Figs. 2A and 2B show a camera assembly having a protective housing 20, 
shown in both a vertical cross-section (Fig. 2A) and a horizontal cross-section (Fig. 
2B). 

In this example, the actuator 21 comprises a piezoelectric multi-layer, bender 
tape, for example of a bimorph construction, extending helically around an axis 
which is itself curved, as described, for example, in WO-01/47041 or D. H. Pearce et 
al.. Sensors and Actuators A 100 (2002), 281 -286 which are both hicorporated ■ 
herein by reference and the teachings of which may be applied to the present 
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inveiition. In particular, the actuator 21 comprises a tape woxmd helically around a 
first axis, referred to as the minor axis. The helically wound portion is further coiled 
into a secondary wiuding of about three quarters of a complete turn. The axis of this 
secondary winding is referred to as the major axis. The first winding is known as the 
primary winding or primary helix. Although in this embodiment the secondary 
winding is about three-quarters of a complete turn, in general, the secondary winding 
could be any curve and could exceed one turn and form a spiral or secondary helix. It 
is therefore usually referred to as secondary curve. The tape is arranged on actuation 
to bend around the minor axis. Due to the helical curve around the minor axis, such 
bending is concomitant with twisting of the actuator 21 around the minor axis. Due 
- tathe curve.around the ma j jar axis, .such,twisting is. cxaiacanitaat wilii relative 
displacement of the ends 211, 212 of the actuator 21. 

The proximate end 21 1 of the actuator 21 is fixed to the housing 20. Onto its 
distal end 212 there is mounted a lens barrel 22 at the approximate center of the 
housing. Consequently; actuation of the actuator 21 drives movement of the lens 
barrel 22 relative to tiie housing 21. This type of lens suspension- and actuations 
system are described in greater detail in WO-02/103451 and WO-03/048831, which 
are both incorporated herein by reference and the teachings of which may be applied 
to the present invention. 

The housing of the present example includes a protective structure 25 in the 
form of two sloping surfaces or ramps arranged above and below the actuator 21 
approximately following the contours of the upper and lower linaits, respectively, of 
the nominal displacement of the actuator 21, that is the displacement exhibited by the 
actuator 21 during normal operating conditions, thereby limiting the motion of the 
actuator 21 . This protective structure 25 is covered with foam layers 25 1 facing the 
actuator 21 so as to come into contact with the moving actuator 21 . 

The housing 20 has end stops 201 arranged to limit the motion of the lens 
barrel 22. Thus, with the occurrence of an impact, when the lens barrel 22 hits the 
end stops 201, the actuator 21 can be regarded as being momentarily fbced to the 
housing 20 at both ends. Between both now fixed ends 21 1,212, however, the 
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remaining.sectioiis of the actuator 21 continue to move, thus potentially causing, in 
liie absence of the protective stracture 25, damage to its ceramic material. As 
however the actuator 21 with its middle section contacts the protective structure 25, 
the motion of the actuator 21 is limited and the kinetic energy of the actuator 21 is 
• 5 absorbed by the foam layer 25 1 , so the risk of damage is consequently reduced. 

The protective stracture 25, 25 1 is shaped such that, in the event of an impact, 
the actuator 21 contacts approximately evenly along its length. In the example, it 
bends into half a turn above and below the secondary turn of the actuator 21 . The 
contact surface 251 of the protective structure may be shaped convex to provide a 

1 0 broadCT area of contact with the outer circumference of the actuator. The advantage 

of A^ontinuous. or qnasi^continuaiis ^pport i& shomtby jsfkesee to Jhe, following . 

table which, for the case of a protective stracture of discrete elements, lists the length 
of actuator sections between the discrete elements (or in other words the relative 
separation between neighboring discrete elements) and the maximum stopping force 

15 that can be applied to the actuator section before causing damage to it. . 



Length of unsxipported sections Maximum Force Distance 
between two supports 

(relative units) (N) (mm) 

20 4 0.35 7.3 

3 0.46 4.1 

2 0.7 1.8 

1 1.4 0.45 



From the table, the stopping distance can be calculated. It is ^parent from the 
25 table that closer points of contact, and in the limit continuous contact, is better to stop 
the actuator before it reaches its breaking point. 

Fig. 3 shows a vertical cross-section of a further camera assembly in a 
protective housing. This camera assembly is similar to that of Figs. 2A and 2B, so 
common elements are given the same reference numerals and a description thereof is 
30 not repeated. The camera assembly has an actuator 21 of the same type as in Fig. 2A. 
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The actuator 21 is attached to a lens barrel 22 and to a housing (attachments not 
shown) which in this case conq)rises two parts, namely a bottom housing 26 and a 
top housing 27. A transparent cover 221 and image sensor 222 are shown above and 
below the lens barrel in the top and bottom housings 27,26 respectively. In the 
housing parts 26,27, a protective structure 25 takes the fonn of sloping surfaces or 
ramps which follow the actuator 21 from above and below and are faced with 
compHant material 25 1 . Additional protection is provided at the inside of the bottom 
housing 28 in the form of compliant pads 281, to afford protection against sideways 
motion. 

Each part 26, 27 of this housing may be manufuctured by a two shot 
-mouMing-piocess, in which-the-housing-parts. 26,.27,.aiultheL compHant materiaL251 . 
and the compUant pads 28 are formed together in the same moulding process For 
example, the top housing 27 may be produced by first forming the coinphant pads 
251 by a first shot of resin into a suitable mould, and then forming the housing 27 on 
top of the pads 251 with a second shot of (different) resin. Similarly, the bottom 

housing 26 may be moulded in two shots, one forthecompUantpads 251,281 and 
one for the more rigid housing structure 26. 

Fig. 3 also shows furUier protection for the lens and actuator system, in the 
form of end stops 201 for the lens barrel, end stops 202 for the complete assembly, 
and a protective pad 203 around the lens barrel. These additional protective features 
may be moulded integrally with the housing or lens barrel elements, as above. The 
assembly of Fig. 3 provides comprehensive shock protection for its fimctional 
elements (actuator 21 and lens barrel 22) and can be readily and cheaply mass 
manu&ctured. 

Figs. 4 to 7 show perspective views of alternative protective structures which 
may be nsed in place of the protective stmcture 25 shown in Figs. 2 and 3. In 
particular, the comphant foam layer 251 of Figs. 2 and 3 is replaced by a plurahty of 
discrete, resiUent elements in the form of mechanical spring structures, serving to 
remove energy from the moving actuator on impact. Figs. 4 to 7 show the lower 
protective structure, the upper protective structure being a mirror image thereof. 
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Fig. 4 shows a partial perspective view of such a protective structure 35 
incorporating a spring structure 35 1 within a housing 30, for protection of a ceramic 
actuator and lens banrel assembly (not shown) similar to those in Fig. 2. The spring 
structure follows the ramp contour aheady described aad includes multiple comphant 
5 beam protrusions, to contact the actuator on impact aad remove energy. 

Fig, 5 shows a partial perspective view of a further embodiment in which the 
spring structure 451 is a multitude of comphaat beams or fingers, like a comb, along 
the ramp contour of the protective structure 45 within a housing 40. The fingers 451 
repeat along the whole length of the protective structure 45 although only a small 
10 number of fingers 45 1 are shown in the drawing. 

I^iS- 5- shows-ajpartial perspective view of afurther embodimentiu whichJhe. 

compliant beams or fingers of the spring structure 551 (on the protective structure 55 

in the housing 50) are an 'S' shape. This shape allows allows the fingers to be longer 

than iu the embodiment of Fig. 5. 
15 Fig. 7 shows a partial perspective view of a fiirther embodiment in which the 

comphant beams of the spring structure 651 are cupped such tiiat when they contact 

the coiled ceramic actuator (not shown) the load is distributed over a greater area. 

The cups are designed to follow the curvature of the surface of the ceramic actuator. 

The cupped fingers 651 repeat along the length of the protective structure 65 within 
20 the housing 60; in the drawing only 3 of the cupped fingers are shown. 

The embodiments shown in Figs. 2 to 7 are examples of comphant stractures 

and it will be apparent that other variations fall within the scope of the present 

invention. 

In Fig. 8 A, there is shown a camera housing 100 for a miniature camera. The 
25 housing 100 includes a top Ud 101 with a central opening or aperture 102 for the 
passage of Ugjit firom the exterior into the interior of the housing 100. The opening 
can be covered by an optical filter. The lower section of the housing 100 includes a 
bottom hd 103 and a base plate 104. The base plate carries the image sensor (not 
shown) which may be a CCD or CMOS device together with other circmts to capture 
30 the image and transnodt it to other parts of the camera. 
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At one side of the housing 100 there is shown an anchor plate 105 which 
provides mounting points for a suspension system to be described below. Another 
plate 1 06 is used to mount the fixed end 1 1 1 of a piezoelectric actuator 110. 

To further protect the camera and the actuator, the housing 100 may be cast 
5 into a block of suitable plastic material. 

The housiag 100 acts as a support structure for a lens holder 120 as follows. 
Fig. 8B shows the housing 100 with the top lid 101 removed thus exposing tiie lens 
holder (or barrel) 120 with a first upper lens 121 visible. The lens holder 120 has a 
nominally cyhndrical shape that is flattened along one side 122 to provide a 
10 mounting surface for the suspension 130. The lens holder 120 is axially movable 

-relati:ve to -the housing 1-00 to-allaw focusing.. 

The actuator 110 comprises a piezoelectric multi-layer, bender tape, for . 
example of a bimorph construction, extending heHcaUy around an axis which is itself 
curved, as described, for example, in WO-01/47041 or D. H. Pearce et al., Sensors 
15 and Actuators A 100 (2002), 281 -286 which are both incoiporated herein by 
reference and the teachings of which may be applied to the present invention. In 
particular, the actuator 110 comprises a tape wound helically around a first axis, 
referred to as the minor axis. The helically woimd portion is further coiled into a 
secondary winding of about three quarters of a complete turn. The axis of this 
20 secondary winding is referred to as the major axis. The first winding is known as the 
primary winding or primary helix. Although in this embodiment the secondary 
winding is about three-quarters of a complete turn, in general, the secondary winding 
could be any curve and could exceed one turn and form a spiral or secondary helix. It 
is therefore usually referred to as secondary curve. The tape is arranged on actuation 
25 to bend around the minor axis. Due to the helical curve aroxmd the minor axis, such 
bending is concomitant with twisting of the actuator 110 around the minor axis. Due 
to the curve around the major axis, such twisting is concomitant with relative 
displacement of the ends 111, 112 of the actuator 110. 

The lens holder 120 is placed in the center of the actuator 110. The moving 
30 end 112 of the actuator 1 10 is attached to the lens holder 120 at a point or area at 
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mid-height of the lems holder 120, i.e., close to its equator. Consequently, actuation 
of the actuator 1 10 drives movement of the lens holder 120 relative to the housing 
100. This type of lens suspension and actuation system is described in greater detail 
in WO-02/1 0345 1 , which is incorporated herein by reference and the teachings of 
5 which may be applied to the present invention. 

The fixed end 1 1 1 of the actuator 110 extends into a flat portion which acts as 
a tab for connecting the actuator 1 1 0 to the housing 100. This tab has electrical 
contact pads 1 13 on the bottom face, soldered onto corresponding contact points on 
the board 106. Through these contacts external control signals or voltage levels are 
1 0 applied to the electrodes of the actuator 110. 

" " - The suspeiision-1-30 wi-ll-now-be-desGribed,-wit^^ 

a cross-sectional view of the suspension 130. 

The suspension 130 is a specific form of a four-bar linkage comprising four 
links pivotally connected together in the shape of a parallelogram as follows. The 
15 first link is a first attachment member 132 rigidly connected to the housing 101, 103. 
The second link is a second attachment member 134 rigidly connected to the lens 
holder 120. The remaining two links are two hnk elements 133, 135 which each 
extend, parallel to each other, between the first and second attachment members 132, 

134 and are pivotally connected to the first and second attachment members 132, 134 
20 as follows. The links 132-135 are integrally formed from a continuous piece of 

material. The thickness of the contiauous piece of material forming each linV 132- 

135 tapers towards the portions which connect each adjacent pair of links 132-135, 
such that the material is reduced to a thin bridge connecting the two adjacent linVs 
132-135, whilst the middle section of each link 132-135 remains relatively stiff. As a 

25 consequence the suspension 130 and its links 132-135 offer small resistance against 
motion of the lens holder 120 in the desired (vertical) direction but much greater 
resistance against motion in other directions. The linVs 132-135 and, hence, the 
portions which connect each adjacent pair of links 132-135 have a width of about 4 
mm and the nominal diameter of the lens holder 120 is 9.5 mm^ thus effectively 

30 preventing a rotational or tilting movement of the barrel. 
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Each of tbe the portions which connect each adjacent pair of links 132-135 
extends hnearly in the direction of its axis of relative rotation along the 
circumference of the lens holder 120 , thus providing resistance to torsional forces 
which otherwise could lead to a tilting of the suspended camera. The length of the 
portions which connect each adjacent pair of links 132-135 in the above example is 
approximately a third to half of the diameter of the lens holder. 

In the example, the suspension 100 is preferably made from a single piece of 
polypropylene. Other suitable plastic materials include polyethylene or polyamide 
(nylon). Alternatively the bars of the suspension can be made from metals or metal 
alloys. The suspension can be cast or injection molded. 

- ■ -It v^U be-apprecirated-that-th&^lens-holder-120 is^uspended-solely by m ems of 
the suspension 130 and the actuator 110. The system is free of further potential 
sources of friction such as guide rails or posts to reduce the potential amount offeree 
the actuator has to provide. It was found that even though the suspension 130 * 
connects to tiie lens holder 120 exclusively within a sector of less than 90 degrees, 
and both the actuator 110 and the suspension 130 are linked to the lens holder 120 
within a sector of less than 120 degrees, the tilt of the lens holder 120 can be kept 
within the limits required to generate pictures in VGA or SVGA quahty. 

The camera assembly also has protective structures of the same type to those 
described in Figs. 2 and 3, as shown in Figs. 9A and 9B, in particular in the form of 
compUant polyurethane foam layers 108 glued to inner surfaces of the housing 100 
aroxmd the actuator 1 10. In the maimer described above with reference to Figs. 2A 
and 2B, the layers 108 protect the actuator 1 10 from a sudden impact force, 
particularly if the force accelerates the actuator 1 10 in a direction that is not 
constrained by the suspension 130. In Figs. 9A and 9B, tibds direction is the vertical 
direction in the paper plane. The distance between the actuator 1 10 in its inactive 
state, and the foam layers 108 increases towards the moving end of the actuator, so as 
not to interfere with the nominal displacement of the actuator during the normal 
operation of the camera. 
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CLAIMS 

1. A housing for a ceramic actuator comprising a protective structure arranged 
to limit the range of motion of said actuator by eontacting at least one section of said 

5 actuator between J&xed and moving terminals of said actuator. 

2. A housing according to claim 1, wherein the protective structure comprises at 
least one compliant portion arranged to contact said at least one section of the 
actuator. 

10 

"3". A"housingaecordin;g-to-elaim:2r,- wherein -said--at4eas^^ - 

provided on a rigid member, the compliant portion and the rigid member being 
formed together in the same moulding process, 

15 4, A housing according to any one of the preceding claims, wherein the 
protective structure is located outside a nominal range of displacement of the 
actuator. 

5. A housing according to claim 4, wherein the protective structure is arranged 
20 to contact the actuator at points along a contour dejBned by the limits of the nominal 

range of displacement of the actuator. 

6. A housing accordmg to any one of fihie preceding claims, wherein the 
protective stracture comprises at least one discrete element arranged to contact a said 

25 section of the actuator. 

7. A housing according to claim 6, wherein the protective structure comprises a 
plurality of said discrete elements arranged to contact respective said sections of the 
aictuator. 

30 
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8. A housing according to claim 7, wherein the discrete elements are resilient 
members. 

9. A housing according to claim 7 or 8, wherein the discrete elements are 
arranged along substantially the entire length of the actuator between said fibced and 
moviag terminals. 

10. A housing according to any one of claims 1 to 5, wherein the protective 
structure comprises a continuous surface adapted to contact a said section of the 
actuator extending along the actuator. 



11. A housing according to any one of the preceding claims, further comprising a 
stop arranged to limit displacement of the moving tejminal of the actuator. 

15 12. A housing according to any one of the preceding claims, wherein the actuator 
is a bCTider extending in a helix around an axis which is curved. 

13, A houshig according to any one of the preceding claims, further comprising a 
lens system actuated by the actuator. 

20 

14. A camera comprising 
a support structure; 

a lens holder holding at least one lens; 

a suspension for mounting said lens holder on the support structure to allow 
25 relative movement of the lens holder and the support structure; and 
an actuator for moving said lens holder, 

wherein the suspension includes two link elements each pivotally coimected 
to the support structure at a first end and pivotally connected to the lens holder at the 
other, second end. 

30 
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15. A camera according to claiin 14, wherein 1iie link elements extend parallel to 
each other between the support structure and lens holder parallel to each other. 

16. A camera according to claim 14 or 15, wherein the suspension further includes 
a first attachment member to which the first end of each link element is 

pivotally connected atid which is attached to the support structure and 

a second attachment member to which the second end of each linV element is 
pivotally connected and which is attached to the lens holder. 

17. A camera accordmg to claim 16, wherein the two h'nV elements and the first 
.and ^econd^attachment . members are JSmnedfirom one continxLous piece of material, 

18. A camera according to claim 17, wherein the link elements and the 
attachment members are connected by portions of the continuous piece of material 
having a smaller thickness than the remainder of the continuous piece of material. 

19. A camera according to any one of clainais 14 to 1 8, wherein the thickness of 
the Imk elements tapers towards the pivotally coimected ends. 

20. A camera according to any one of claims 14 to 19, wherein the link elements 
are made of plastics material. 

21 A camera according to any one of claims 14 to 20, wherein the linV elements 
are pivotaUy coimected to the lens holder to pivot about an axis which extends along 
the circumference of the lens holder. 

22. A camera according to any one of claims 14 to 21 , wherein the link elements 
are pivotally connected to the support structure and flie lens holder along a length 
which exceeds a tenth of the diameter of the lens holder. 
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23. A camera according to aay one of claims 14 to 22, wherein actuator extmds 
aroxmd the lens holder leaving a single gap and the suspension is located ia said gap. 

24. A camera according to any one of claims 14 to 23, wherein the suspension 
5 connects the support structure and the lens holder within a sector of less than 90 

degrees around a central axis of said lens holder, 

25. A camera according to claim 24, wherein the lens holder is force-coupled to 
the housing exclusively through the suspension and the actuator. 

10 

- - 26.- A-camera accor^itngto any one of claims, L4-to 25, wherein--thaliDk,el£ments 
have an amount of rotational motion around the pivoting ends Hnodted to less than 20 
degrees. 

15 27. A camera according to any one of claims 14 to 26, wherein the actuator is ak 
electro-active actuator. 

28. A camera according to claim 27, wherein the actuator is a ceramic actuator. • 

20 29. A camera according to claim 27 or 28, wherein the actuator is a bender 
extending in a hehx aroimd an axis which is curved. 

30. A camCTa of any one of claims 14 to 29, wherein the support structure is a 
housing according to any one of claims 1 to 13. 
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ABSTRACT 
Protective Housing For A Cer flTnir. Antiiatnr 
A housing 20 that protects a ceramic actuator 21 jSrom excessive aad 
damagirLg displacement comprises a protective structure 25 arranged to limit the 
motion of the actuator 21 by contacting at least one section of said actuator between 
fibced and moving terminals of said actuator 21. A suspension system for a lens 
holder 120 of a miniature camera actuated by a ceramic actuator comprises four 
pivotally comiected link elements 132-135 in form of a parallelogram connected 
between a housing 110 and the lens holder 120. 
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